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INTRODUCTION   "" 

Machine  fertilizer-placement  studies  with  snap  beans  were  con- 
ducted near  Winter  Garden  in  Orange  County,  Fla.,  in  1931,  1932,  and 
1933,  cooperatively  by  the  Bureau  of  Agricultural  Engineering  and 
the  Bureau  of  Plant  Industry  of  the  United  States  Department  of 
Agriculture.  The  experiments  were  made  on  growers'  farms  1  on 
Leon  fine  sand  and  St.  John's  fine  sand,  two  of  the  principal  soil 
types  used  for  truck  crops  in  this  section  of  Florida.  The  work  was 
undertaken  at  the  suggestion  of  the  director  of  the  Florida  Agricul- 
tural Experiment  Station. 

Approximately  40,000  acres  of  land  are  devoted  annually  to  fall, 
winter,  and  spring  production  of  beans  in  Florida,  about  15,000 
acres  being  grown  in  the  fall.  Orange  County  is  near  the  center  of 
the  area  devoted  to  fall  growing  of  beans.  The  spring  crops  are 
grown  principally  in  the  southern  and  eastern  sections  of  the  State. 
Fall  planting  of  beans  extends  from  about  July  15  to  October  15. 

Much  of  the  area  used  for  beans  in  the  Winter  Garden' section  is 
tile  drained  and  subirrigated  (fig.  1).  Most  of  the  land  is  used  for 
growing  field  corn,  but  weeds  and  grass  may  be  allowed  to  grow  during 
the  summer  preceding  fall  planting  of  beans.  In  preparing  the  land 
this  vegetation  is  plowed  under  a  short  time  before  planting  (fig.  2), 
the  plowing  varying  from  6  to  9  inches  in  depth.  Thus,  a  mat  of 
undecayed  matter  underlies  the  surface  of  the  ground  and  often 
interferes  with  deep  planting  and  cultural  operations.     After  the  land 

1  The  land  for  the  experiments,  and  the  labor  for  planting  and  cultivating,  were  furnished  by  P.  H.  Britt, 
L.  L.  Kenneday,  H.  C.  Healan,  A.  R.  Gano,  and  Kannon  Bros.,  of  Winter  Garden,  whose  cooperation  and 
assistance  is  acknowledged. 
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is  plowed,  it  is  disked,  rolled,  and  dragged,  to  produce  a  firm,  smooth 
seedbed.  As  a  result  of  this  cultural  practice,  shallow  operations  and 
the  use  of  rotating  soil-working  tools  are  desirable. 


Figure  1.— Typical  land  on  which  green  beans  are  grown  near  Winter  Garden,  Fla.    Inlets  to  the  com- 
bined subirrigation  and  drainage  system  are  shown  in  the  center  and  at  the  right  of  the  field. 

This  practice  is  general  with  most  farmers  in  the  area  devoted  to 
fall  production  of  beans.  Planting  practices  and  methods  of  fertiliza- 
tion, however,  vary  considerably.      Planting  is  done  with  one-horse 


1 
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Figure  2.— The  usual  method  of  plowing  land  for  green  beans  in  central  Florida.    Heavy  vegetative  growth 
commonly  plowed  under  is  shown  in  the  background. 

single-row  planters  having  runner-type  furrow  openers  and  open 
press  wheels,  or  with  small  push  planters.  Seeds  are  spaced  about  3 
inches  apart  in  the  row,  which  requires  from  3  to  4  pecks  per  acre. 
Combination  planters  and  fertilizer  distributors  are  not  used.     The 
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Figure  3.— Fertilizer  distributor  of  the  push  type,  locally  known-as  a  "Georgia  buggy",  used  in  Florida 
for  applying  fertilizer  to  the  row  before  planting  and  for  side  applications  to  beans  and  other  crops. 


Figure  4.— Fertilizer  broadcast  distributor  of  a  type  commonly  used  for  applying  superphosphate,  castor 
bean,  and  cottonseed  meal  to  bean  land  in  Florida  before  planting. 
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fertilizer  is  applied  in  one  or  more  separate  operations.  One  method 
commonly  practiced  is  the  application  of  fertilizer  in  the  marked 
row  previous  to  planting,  the  fertilizer  being  mixed  with  the  soil  with 
a  cultivator  or  with  a  4-inch  shovel,  or  bedded  on  about  2  inches  deep. 
When  these  methods  are  used  the  seed  are  planted  in  the  fertilizer-soil 
mixture  in  the  furrow  or  in  the  bed,  respectively.  A  second  procedure 
is  broadcasting  the  fertilizer  and  incorporating  it  with  the  soil  by 
disking  and  dragging.  A  third  procedure  is  the  application  of  the 
fertilizer  as  side  dressings  after  the  plants  are  up.  In  most  cases 
where  the  first  or  second  procedure  is  followed,  additional  applica- 
tions of  fertilizer  are  made  as  side  dressings  later  in  the  season. 
Common  types  of  row  distributor,  fertilizer  broadcaster,  and  lettuce 


Figure  5.— Lettuce  cultivator,  which  is  often  used  to  mix  the  fertilizer  with  the  surface  soil  in  the 
production  of  beans  in  central  Florida. 

cultivator  used  for  bean  culture  are  illustrated  in  figures  3,  4,  and  5, 
respectively. 

Fertilizers  most  generally  used  for  beans  are  5-7-5,  5-5-5,  or 
5-8—5.  Cottonseed  meal,  castor-bean  meal,  and  superphosphate  are 
used  and  applied  broadcast  by  many  growers.  From  1,200  to  1,500 
pounds  per  acre  of  a  mixed  fertilizer  is  generally  applied  in  two 
applications,  half  before  planting  and  half  2  or  3  weeks  after  the 
plants  are  up.  Frequently  nitrogen  and  potash  are  used  in  small 
quantities  as  a  later  side  dressing. 


PREVIOUS  INVESTIGATIONS 


Considerable  injury  to  germination  of  bean  seed  and  to  young 
bean  plants  has  occurred  in  the  Florida  truck  belt,  and  has  been 
attributed  to  the  fertilizer  used.  This  injury  has  occurred  most 
frequently   in   periods   of  light   rainfall   and   where   irrigation   was 
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delayed.  It  has  been  observed  that  injury  was  more  frequent  and 
severe  when  the  fertilizers  used  contained  principally  inorganic  or 
synthetic  salts.  Injury  has  not  been  so  apparent  when  fertilizers 
contained  nitrogen  from  vegetable  or  animal  sources. 

Investigations  {3,  9,  10)  2  by  the  United  States  Department  of 
Agriculture  with  potatoes  and  cotton  have  indicated  that  proper 
placement  of  fertilizers  is  important  in  eliminating  injury  to  the 
seed  or  young  seedlings  and  in  securing  the  greatest  returns  from 
fertilizers.  Placement  with  respect  to  the  seed  appears  to  be  a 
factor  of  considerable  importance  in  the  efficient  use  of  fertilizers 
for  snap  beans,  especially  on  sandy  soils.  The  importance  of  proper 
placement  of  fertilizers  is  indicated  by  studies  made  over  a  period 
of  years  by  various  investigators.  The  earlier  studies  were  made 
in  greenhouses,  few  if  any  being  conducted  in  the  field  to  the 
maturity  of  the  crop.  Sigmund  {20),  Claudel  and  Crochetelle  (6), 
Slosson  {21,  22),  Buff  urn  (f,  5),  Stewart  {23),  Prunet  {19),  and  others 
as  early  as  1890  published  results  of  experiments  showing  the  effects 
of  various  chemicals  and  fertilizer  materials  on  the  germination 
and  early  growth  of  various  seeds  and  seedlings.  Claudel  and 
Crochetelle  found  that  in  sand  moistened  with  a  0.2-percent  solution 
of  sodium  nitrate  bean  seed  did  not  germinate.  Like  results  were 
obtained  with  ammonium  sulphate.  Superphosphate  in  9  parts  per 
1,000  of  water  was  injurious.  Various  forms  of  potash  had  equally 
depressing  effects. 

Later,  Hicks  {14),  Berthault  {2),  Harris  {12),  Allison  {1),  and 
others  made  similar  studies.'  Hicks  found  that  injury  to  germina- 
tion was  greater  when  the  fertilizer  was  placed  in  direct  contact  with 
the  seed  than  when  it  was  mixed  with  the  surface  soil.  Injury  was 
also  greatest  between  the  time  the  seedling  emerged  from  the  seed 
coat  and  the  time  it  emerged  from  the  soil.  Harris  found  greater 
injury  to  germination  when  the  moisture  content  of  the  soil  was  low 
than  when  it  was  relatively  high.  Allison  found  that  injury  was 
much  more  severe  on  sandy  than  on  loam  or  clay  soils;  only  one-tenth 
as  heavy  an  application  of  fertilizer  was  necessary  to  cause  injury 
on  light  soils  equal  to  that  on  the  loams  and  clays.  There  was 
little  or  no  difference  when  the  fertilizer  was  placed  above,  in  contact 
with,  or  below  the  seed,  or  mixed  with  all  the  soil  in  the  tumblers  in 
which  the  tests  were  made. 

Coe  (7)  found  that  25  pounds  per  acre  of  ammonium  phosphate, 
analyzing  12  percent  nitrogen  and  48  percent  phosphoric  acid,  added 
to  Penn  loam  under  greenhouse  conditions,  depressed  the  germina- 
tion of  soybeans  when  placed  in  contact  with  the  seed,  and  that  no 
plants  appeared  with  applications  of  100  pounds  per  acre  or  more, 
while  placement  of  fertilizers  0.5  to  1  inch  to  each  side  of  the  seed 
at  rates  from  25  to  300  pounds  per  acre  did  not  materially  affect 
germination.  The  apparent  limit  of  fertilizer  tolerance  for  the 
germination  of  soybeans' was  lower  than  that  for  corn,  oats,  barley, 
or  wheat. 

Truog  and  his  coworkers  {24)  in  greenhouse  studies  have  shown 
that  3-18-4  commercial  fertilizer  applied  at  the  rate  of  500  pounds 
per  acre  on  Plainfield  sand  has  a  very  marked  retarding  effect  on 
germination  of  soybeans  and  navy  beans  when  placed  in  contact 

2  Italic  numbers  in  parenthesis  refer  to  Literature  Cited,  p.  41. 
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with  the  seed,  but  only  a  slight  effect  when  placed  0.5  inch  above  or 
belowT  the  seed. 

Millar  and  Mitchell  (18)  studied  the  influence  of  placement  of 
fertilizers  on  white  beans  in  the  greenhouse  on  both  Hillsdale  sandy 
loam  and  Brookston  loam.  When  20  pounds  per  acre  of  treble 
superphosphate  was  placed  in  a  band  1.5  inches  wide  in  contact 
with  the  seed  on  sandy  loam  soil  there  was  a  slight  decrease  in  germi- 
nation, wThile  30  pounds  per  acre  reduced  germination  45  percent. 
Reduction  in  germination  became  significant  wiien  monocalcium 
phosphate  wras  applied  at  the  rate  of  30  pounds  or  more  per  acre, 
and  when  3-12-4  mixture  was  applied  at  the  rate  of  160  pounds  per 
acre.  Superphosphate  applied  at  the  rate  of  100  pounds  per  acre 
in  contact  with  the  seed  did  not  materiaUy  reduce  germination, 
but  when  used  at  the  rate  of  350  pounds  per  acre  only  80  percent 
of  the  plants  appeared  above  ground. 

On  the  loam  soil,  deterrent  effects  of  the  fertilizers  wrere  not  so 
marked.  With  the  fertilizer  placed  0.5  inch  above  the  seed  on  the 
sandy  loam,  Millar  and  Mitchell  observed  that  25  pounds  per  acre 
of  treble  superphosphate  materially  reduced  the  stand,  and  no 
plants  appeared  with  100  pounds  or  more  per  acre.  Four  hundred 
pounds  per  acre  of  16-percent  superphosphate  placed  above  the  seed 
did  not  affect  germination.  Three  hundred  and  fifty  pounds  per 
acre  of  treble  superphosphate  mixed  with  the  soil  to  a  depth  of  2 
inches  caused  no  decrease  in  germination  but  700  pounds  per  acre 
inhibited  germination. 

SCOPE  OF  EXPERIMENTS 

Ten  field  experiments  on  machine  placement  of  fertilizer  with 
green  or  snap  beans  were  conducted  in  the  fall  seasons  of  1931,  1932, 
and  1933,  four  experiments  being  conducted  in  each  of  the  first 
2  years  and  twro  in  1933.  Seven  of  these  experiments  were  located 
on  Leon  fine  sand  and  three  on  St.  John's  fine  sand.  One  experiment 
each  year  was  located  on  the  latter  soil  type. 

SOIL  TYPES 

The  Leon  fine  sand  to  a  depth  of  12  to  24  inches  is  typically  a 
light-gray  to  almost  white  fine  sand  which  becomes  medium  at 
greater  depths.  It  is  dark  gray  in  color  when  wet,  contains  little 
organic  matter,  and  is  rather  compact.  Below  the  surface  soil  of 
the  Leon  fine  sand  is  a  hardpan  stratum  varying  in  thickness  from 
4  to  6  inches,  consisting  of  a  dense,  compact  layer  of  rusty  brown  to 
almost  black  fine  sand  high  in  organic  matter.  It  is  fairly  impervious 
and  may  prevent  the  capillary  rise  of  moisture  during  periods  of 
drought.  The  lower  subsoil  is  a  yellowish-  to  browmish-gray  fine 
sand.  There  are  149,888  acres  (11)  of  the  Leon  fine  sand  soil  type 
in  Orange  County. 

The  St.  John's  fine  sand  in  its  typical  development  has  a  surface 
soil  of  dark-gray  to  black,  rather  friable  fine  sand  8  to  10  inches 
deep.  In  uncultivated  areas  the  surface  soil  appears  moderately 
compact,  but  it  becomes  looser  with  cultivation.  This  is  true  also 
of  the  Leon  fine  sand.  The  St.  John's  type  generally  contains  more 
organic  matter  than  the  Leon,  as  shown  in  table  1.  This  soil  type 
is  underlain  by  a  compact,  hardpan-like  stratum  of  dark-brown  to 
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almost  black  fine  sand  which  varies  in  thickness  from  4  to  8  inches, 
this  characteristic  being  outstanding  on  the  areas  used  in  these 
experiments.  This  layer  is  high  in  organic  matter,  hard  and  com- 
pact in  dry  weather  but  softens  when  wet.  Roots  penetrate  it 
with  difficulty,  and  during  droughts  it  may  prevent  the  rise  of  mois- 
ture from  below.  The  subsoil  is  similar  to  that  of  the  Leon  fine 
sand.  The  St.  John's  fine  sand  is  adapted  to  the  same  type  of  agri- 
culture as  the  Leon  fine  sand,  and  the  two  types  are  used  principally 
for  the  production  of  beans. 

Table   1. — Characteristics   of  soils   used  in  fertilizer-placement   experiments   with 
snap  beans  near  Winter  Garden,  Fla.1 
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do 
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i  Chemical  analysis  of  the  soils  was  made  by  A.  E.  Hughes,  Soil  Fertility  Division,  Bureau  of  Plant 
Industry, 
a  0  to  7  inches  in  experiments  1,  2,  and  4. 

FERTILIZERS 

Both  ordinary  and  double-strength  fertilizer  mixtures  were  used 
in  the  machine-placement  fertilizer  experiments.  The  materials  used 
in  the  fertilizer  mixtures  are  given  in  table  2. 


Table  2. — Composition    of  fertilizers    used    in    the    machine-placement   fertilizer 
experiments  on  Leon  and  St.  John's  fine  sand,  Winter  Garden,  Fla. 
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Pounds  per  ton  of  5-7-5  or  per 
1,000  pounds  of  10-14-10 

Material 

NH3 

P2O5 

K20 

5-7-5  1 
(one  half 
organic) 

10-14-10 ' 

5-7-5  1 
(inor- 
ganic) 

Percent 
18 
25 
10 
10 

Percent 

Percent 

139 
100 
250 
250 
653 
208 

276 
200 

278 

200 

3 

6 

18 

778 

48 

416 

608 

38 

462 

208 

13 
55.  9 

46 

Sand 

400 

536 

1  Fertilizer  constituents  are  given  in  the  order,  ammonia,  phosphoric  acid,  and  potash.     The  fertilizer 
analyses  are  on  the  ammonia  basis  as  this  was  common  practice  when  the  experiments  were  in  operation. 
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Two  fertilizer?,  a  5-7-5  and  a  10-14-10.  were  used  in  the  four 
experiments  conducted  in  1931.  The  nitrogen  in  the  5-7-5  fertilizer 
was  derived  one-half  from,  inorganic  sources  and  one-half  from  organic 
sources.  This  fertilizer  was  in  good  physical  condition,  and  drilled 
weU.  Some  of  the  materials  used  in  the  10-14-10  fertilizer  differ  from 
those  used  in  the  5-7-5,  they  being  selected  to  produce  a  mixture  of 
high  concentration.  A  direct  comparison  of  the  fertilizers  is  not  the 
object  of  this  study  which  is  concerned  with  the  effect  of  placement  of 
each  of  the  fertilizers.  The  10-14-10  mixture  absorbed  moisture  in 
wet  weather  after  standing  several  days.  In  the  six  tests  hi  1932  and 
1933,  two  5-7-5  fertilizers  were  used,  one  in  which  the  nitrogen  was 
derived  one-half  from  inorganic  and  one-half  from  organic  sources. 
and  in  the  other  the  nitrogen  was  derived  entirely  from  inorganic 
sources.     The  latter  mixture  absorbed  moisture  slightly. 

SEED 

The  Bountiful  variety  of  beans  was  planted  in  each  experiment. 
The  seed  was  supplied  by  local  dealers  from  stocks  imported  from  the 
Midwestern  States. 

PLACEMENT    MACHINES 

In  a  fertilizer-placement  experiment,  obviously  a  ntmiber  of  condi- 
tions in  addition  to  the  relative  positions  of  fertilizer  and  seed  must 
be  accurately  controlled.  The  amounts  and  chstribution  of  seed  and  of 
fertilizer,  width  of  fertilizer  bands,  depth  and  compactness  of  soil  over 
the  seed,  general  level  of  the  final  seedbed,  and  other  seedbed  condi- 
tions must  be  uniform  throughout  the  experiment.  This  is  especially 
true  when  the  variations  in  fertilizer  placement  are  relatively  small 
and  differences  in  the  effect  on  germination  of  the  seed,  early  plant 
growth,  and  time  of  maturity  are  anticipated. 

It  was  recognized  that  the  only  practical  method  of  controlling  the 
various  seedbed  conditions  of  a  fertilizer-placement  experiment  con- 
ducted in  the  field  on  an  extensive  scale  is  to  use  a  machine  that 
simultaneously  plants  the  seed,  places  the  fertilizer,  and  accomplishes 
all  necessary  soil  manipulations.  In  order  to  meet  the  varied  require- 
ments of  the  tests  under  different  farm  practices  and  soil  conditions, 
the  machine  must  have  more  attachments,  adjustments,  and  refined 
controls  than  is  ordinarily  required  on  standard  farm  machines.  Such 
a  machine  has  been  developed  by  the  Bureau  of  Agricultural  Engineer- 
ing. The  general  features  of  the  machine  are  illustrated  in  figure  6. 
The  machine  is  of  the  four-wheel  type,  which  permits  rigid  construc- 
tion and  arrangement  of  attachments  for  accurate  relative  placements 
of  fertilizer  and  seed.     It  is  drawn  by  two  horses. 

The  machine  was  equipped  with  a  standard  sight-feed,  slanting- 
plate,  cell-type  seed  hopper.  Provision  was  made  for  mounting  the 
hopper  at  either  the  front  or  the  rear  of  the  machine.  The  quan- 
tities of  seed  sown  on  the  various  plats  did  not  differ  materially,  the 
maximum  variation  being  les^  than  1  percent. 

The  fertilizer-dispensing  mechanism  is  of  the  top-delivery  rotating- 
cylinder  type,  the  construction  and  performance  of  which  has  been 
previously  described  (8,  10.  17).  The  hopper  is  equipped  with  four 
delivery  openings  and  tubes.  The  tubes  are  flexible  and  their  length 
and  point  of  attachment  are  such  that  fertilizer  can  be  directed  to  any 
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desired  point  on  the  machine.  Fertilizer  can  be  delivered  through 
one  or  more  tubes  simultaneously  and  in  varying  proportions.  The 
type  of  dispensing  mechanism  is  such   that  delivery  rate  is  little 


Figure  6. — Special  combination  planter  and  fertilizer  distributor  built  under  the  general  specifications  of 
the  Bureau  of  Agriculturel  Engineering  for  fertilizer-placement  experiments  with  truck  crops;  (a)  Top- 
delivery  fertilizer  hopper;  (6)  subframe  for  holding  the  soil-working  tools;  (c)  single-disk  furrow  openers 
for  placing  the  fertilizer  at  the  sides  of  the  seed;  (5)  bedding  disks;  (e)  seed  shoe;  (/)  press  wheel. 

affected  by  changes  in  the  physical  properties  of  the  fertilizer  and  in 
operating  conditions,  but  the  fertilizer  needs  to  be  thoroughly  settled 
in  the  hopper.     The  dispensing  action  of  the  hopper  is  positive,  and 


Figure  7.— Subframe  of  distributor  equipped  for  placing  fertilizer  in  a  band  under  the  seed:  a,  Rolling 
colter;  b,  special  shovel  with  shields  attached,  for  opening  fertilizer  furrow;  c,  bedding  disks;  d,  seed  shoe 
with  wings  for  regulating  the  depth  of  furrow;  e,  covering  wheel. 

desired   rates   of   application    are   obtained   by   gear   and    sprocket 
combinations. 

The  operating  principle  of  the  dispensing  mechanism  insures  uni- 
form distribution  of  a  fertilizer  in  good  drilling  condition.  Previous 
tests  with  this  type  of  hopper  indicate  that  the  fertilizer  is  distributed 

58393°— 36 2 
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along  the  row  with  a  coefficient  of  variation  of  approximately  9  per- 
cent, based  on  1-foot  intervals,  and  the  average  deviation  in  applica- 
tion rates  for  the  six  rows  of  each  test  was  less  than  1  percent. 


Figure  8.— Subfrarne  of  distributor  equipped  to  mix  the  fertilizer  with  the  soil  under  the  seed:  a,  Rolling 
colter;  b,  furrowing  shovel;  c,  special  mixing  shovel. 

Ah  soil-worldng  tools  are  mounted  on  the  subframe  (fig.  6,  b) 
which  can  be  raised  or  lowered  without  change  of  inclination.  The 
seed-covering  wheel  is  free  to  exert  constant  pressure,  and  it  is  the 


Figure  9. — Subframe  of  distributor  equipped  to  place  the  fertilizer  in  a  narrow  band  at  each  side  of  the 
row:  a,  A  pair  of  single  disks  for  opening  2  fertilizer  furrows;  b,  bedding  disks;  c,  seed  shoe;  d,  press  wheel. 


only  tool  not  held  rigidly  to  the  frame.  Thus  the  soil-worldng  tools, 
including  those  for  placing  the  fertilizer  and  the  seed,  are  carried  up 
and  down  without  change  of  their  relative  positions.  Adjustments  of 
wide  range  for  individual  tools  are  provided  to  obtain  desired  ferti- 
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lizer  placements  and  to  meet  the  various  seedbed  requirements  as 
shown  in  figures  7,  8,  and  9.  To  guard  against  changes  in  relative 
positions  of  the  fertilizer  and  the  seed  resulting  from  angling  of  the 
machine  on  lateral  slopes,  reasonably  level  land  was  selected  for  the 
experiments. 

In  the  experiments  to  be  made,  various  placements  of  the  fertilizer 
relative  to  the  seed  were  desired.  To  obtain  the  placements  on  the 
surface  of  the  ground  over  the  seed,  the  seed  hopper  and  press  wheel 
were  moimted  at  the  front  of  the  machine  and  the  fertilizer  tubes 
were  carried  to  the  rear  to  deliver  the  fertilizer  after  the  seed  had  been 
planted  and  covered.  For  the  other  placements,  the  seed  hopper 
was  mounted  at  the  rear  of  the  machine.  For  the  placements  in  a 
band  under  the  seed,  shovels  were  used  to  open  furrows  of  the  proper 
depth  and  width,  the  shovels  being  so  set  that  a  furrow  with  a  flat 
bottom  would  result.  Attached  to  these  shovels  were  shields  to 
keep  out  the  soil  (fig.  7,  b)  and  guide  the  fertilizer  into  a  band  of  uni- 
form width.  Back  of  these  shovels  a  pair  of  bedding  disks,  c,  was 
used  to  fill  the  furrows  and  cover  the  fertilizer  with  an  excess  of  soil; 
the  seed  shoe,  d,  of  the  sword  or  runner  type  operating  in  the  rear  of 
the  bedding  disks  was  usually  equipped  with  a  pair  of  wings  or  scrapers 
with  which  planting  depth  was  controlled.  The  wings  lowered  the 
surface  of  the  seedbed  to  a  constant  height  above  the  level  of  the  seed. 
Thus  uniform  coverage  of  the  seed  by  the  press  wheel  was  insured. 

In  order  to  mix  the  fertilizer  with  the  soil  under  the  seed,  the  fer- 
tilizer was  first  deposited  in  a  band  by  the  use  of  the  above-described 
shielded  shovel.  A  small  mixing  shovel  (fig.  8,  a)  followed,  operating 
at  a  slightly  greater  depth,  and  mixed  the  fertilizer  with  the  soil. 

For  placements  to  the  sides  of  the  seed  a.  pair  of  single  disks  (fig. 
9,  a)  was  used  to  open  the  furrows  for  the  fertilizer.  The  fertilizer 
tubes  were  attached  at  the  rear  of  the  disks,  to  direct  the  fertilizer  to 
the  bottom  of  the  furrow.  The  fertilizer  was  thus  placed  in  a  narrow 
band  at  each  side  of  the  row.  The  disks  were  adjustable  both  laterally 
and  vertically,  for  obtaining  various  side  placements. 

Trash  and  crop  residue  turned  under  in  plowing  was  disturbed  by 
the  fertilizer  furrowing  shovels  when  operating  at  the  depth  required 
to  place  the  fertilizer  3  inches  under  the  seed.  Difficulties  in  this 
respect  were  largely  eliminated  by  mounting  a  rolling  colter  (fig. 
7,  a)  ahead  of  the  shovel.  Disk  furrow  openers  used  for  the  side 
placements  cut  through  the  trash  without  difficulty.  The  disks  also 
operated  with  considerably  less  draft  than  the  2-inch  and  4-inch 
shovels  in  placing  the  fertilizer  at  the  same  depth. 

Applications  of  fertilizer  in  a  band  at  the  side  of  the  row  several 
weeks  after  planting  were  made  with  a  one-row  horse-drawn  walking- 
type  distributor  (fig.  10)  equipped  with  the  top-delivery  type  of 
hopper  previously  mentioned.  A  furrow  of  uniform  depth  Was  opened 
for  the  fertilizer,  and  a  covering  shovel  returned  the  soil  to  the  furrow. 

EXPERIMENT   PLOTS 

Each  experiment  comprised  about  1  acre  of  land  which  was  divided 
into  six  blocks  of  equal  size  and  shape,  and  all  treatments  or  place- 
ments were  systematically  arranged  in  each  block.  The  six  plots  of 
each  placement  were  thus  well  distributed  over  the  field. 

Each  plot  consisted  of  a  single  row,  usually  130  feet  in  length. 
The  rows  were  spaced  30  inches  apart  except  in  experiment  no.   1 
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where  the  spacing  was  35  inches.  The  crop  records  were  taken  from 
100  feet  of  row  except  in  experiment  no.  8  where  they  were  taken  from 
80  feet  of  row.  Ten  feet  at  each  end  of  the  row  was  disregarded  in 
order  to  avoid  any  irregularities  of  fertilizer  application  that  might 
have  resulted  from  starting  or  stopping  the  machine.  Where  data 
were  recorded  on  only  80  feet  of  row,  the  results  were  converted  in 
the  tables  to  the  basis  of  100  feet  for  convenience  in  making 
comparisons. 

In  two  tests  of  each  experiment  no  fertilizer  was  applied  at  time  of 
planting,  in  order  to  provide  a  check  on  the  viability  of  the  seed. 
The  soil  under  the  seed  was  disturbed  for  one  of  these  tests  and  not 
disturbed  for  the  other.  Thus  a  more  direct  comparison  with  the 
fertilizer  placement  tests  is  possible,  because  the  soil  was  disturbed  in 
placing  the  fertilizer  under  the  seed  but  not  disturbed  for  the  side 
placements.     These    tests,    however,    received    the    standard   initial 


Figure  10. — One-row  distributor  used  to  side  dress  the  fertilizer  in  a  furrow  close  to  the  row. 

application   of  fertilizer   approximately   1    week   after   planting,   in 
accordance  with  a  practice  sometimes  followed  by  the  growers. 

Soil  samples  for  determinations  of  moisture,  pH  values,  total  nitro- 
gen, and  volatile  matter  were  taken  at  each  location  immediately 
before  planting  operations  began.  The  results  of  these  determina- 
tions are  given  in  table  1. 

SOIL  MOISTURE  AND   RAINFALL 

Soil  moisture  at  time  of  planting  and  rainfall  for  the  periods  during 
which  the  experiments  were  in  progress  are  given  in  tables  1  and  3, 
respectively.  For  convenience  in  picturing  the  progress  of  the  experi- 
ments with  relation  to  rainfall,  table  3  shows  also  the  dates  of  plant- 
ing, early  stand  counts,  fertilizer  side  dressings,  and  the  various  pick- 
ings in  harvesting  the  crop.  The  only  rainfall  records  available  in 
1931  were  those  obtained  at  Orlando,  Fla.,  approximately  12  miles 
from  the  experiments.  In  considering  these  records  for  1931  it  should 
be  borne  in  mind  that  many  rains  in  this  section  are  characteristically 
local,  consisting  of  ' 'tropical' '  showers,  and  that  actual  rainfall  at  the 
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locations  of  the  experiments  may  differ  slightly  from  that  shown.  In 
1932  a  rain  gage  was  set  up  at  experiment  no.  8,  and  in  1933  at  experi- 
ment no.  10,  which  were  located  within  a  mile  of  the  other  experiments. 
The  average  monthly  rainfall  at  Orlando  for  September,  October, 
and  November  for  the  24  years  1910  to  1933,  inclusive,  is  given  in 
table  4  together  with  the  records  for  1931,  1932,  and  1933.  It  will 
be  observed  that  the  rainfall  during  the  entire  bean-growing  season 
was  considerably  below  normal  in  1931,  and  was  extremely  low  dur- 
ing September  and  October  of  1932.  Favorable  moisture  conditions 
prevailed  during  the  germination  period  of  September  1933.  The 
rainfall  for  each  of  the  months  of  September  and  October  1932  was 
nearly  the  lowest  recorded  in  24  years.  The  rainfall  of  14.10  inches 
for  September  1933  was  the  highest  on  record;  11.33  inches  fell  on 
September  5  and  6. 

Table  No.  3. — Rainfall  and  times  of  operations  in  connection  with  fertilizer  place- 
ment experiments  with  snap  beans  at  Orlando  and  Winter  Garden,  Fla.,  1931-83  1 


1931 

1932 

1933 

Date 

Rain- 
fall, 
Or- 
lando 

Operations    for 
experiment  nos. 

Rainfall 

Operations     for 
experiment  nos. 

Rainfall 

Operations 
for  experi- 

Or- 
lando 

Winter 
Gar- 
den 

Or- 
lando 

Winter 

ment  nos. 

1 

2 

3 

4 

5 

6 

7 

8 

Gar- 
den 

9 

10 

Sept.  10. 

11 

Inches 

Inches 

Inches 

P 

Inches 

Inches 

0.53 
.02 
.60 
.41 
.43 

12 

0.18 

0.40 

P 

13 

P 

~~ 

14 

.63 
.07 

(2) 

.55 
1.43 

15 

P 

Gl 

16 

17 

P 

G2 

Gl 

18 

P 

19 

Gl 
G2 

(*) 

G2 
(*) 

"6.~68~ 

0.02 

20 

Gl 

P 

21 

P 

22 

"""."44" 

.07 
(2) 

Gl 
~G2*~ 

P 

.07 

G2 

1.44 

.16 

23 

Gl 
G2* 

P 

(*) 

24 

G3 

25 

.44 
.37 

(2) 

Gl 

26 

.12 

(*) 

G3 

.09 

Gl 

27 

.23 

Gl 

G3 

G2* 

28 

Gl 

G2* 

29 

.11 
.14 

~~\~07~ 

G2* 

G3 

.01 
.04 

30 

G2* 

Oct.      1 

G3 

2 

G3 

3 

.21 

SD 

SD~ 

.30 

~~L36~ 
.35 

.28 
.16 
.50 
.20 
(3) 

4 

.18 
.01 
.45 
.08 

.07 

SD 

~~~G3~ 

G3 

5 

G3 

G3 

~~~.~55~ 

.10 

6 

SD 

7 

8 

9 

SD 

10 

SD 

11 

(2) 

12 

SD 

13 

.13 

.07 
.02 

(2) 

SD 

SD 

SD 

14 

15 

16 

.26 

.18 

17 

.25 

19 

.15 

20 

.25 
2.75 

21 

(«)" 

1  The  various  symbols  indicate  the  following  operations:  P=test  planted;  Gl=first  germination  count; 
G2=second  germination  count;  G3=third  germination  count;  *=date  of  side  dressing  checks  first  time; 
SD=date  of  side  dressing  entire  test;  Yl,  Y2,  Y3,  Y4,  and  Y5= respectively,  first,  second,  third,  fourth, 
and  fifth  pickings. 

2  Trace. 

3  No  record  subsequent  to  this  date. 
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Table  No.  3. — Rainfall  and  times  of  operations  in  connection  with  fertilizer  -place- 
ment experiments  with  snap  beans  at  Orlando  and  Winter  Garden,  Fla.,  1931-33 — 
Continued 


1931 

1932 

1933 

Date 

Rain- 
fall, 
Or- 
lando 

Operations    for 
experiment  nos. 

Rainfall 

Operations    for 
experiment  nos. 

Rainfall 

Operations 
for  experi- 

Or- 
lando 

Winter 
Gar- 
den 

Or- 
lando 

Winter 
Gar- 
den 

ment  nos. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Oct.    23 

Inches 

Inches 

Inches 

Yl 

Inches 
.65 
.33 

Inches 

25 

26 

.34 
.13 

Yl 

27 

.03 

Y2 

29 

.07 

Yl 

Y2 

31 

Yl 

Yl 

Nov      1 

.24 

.28 
.13 

Y2 

Y3 

2 

Y3 

3 

Yl 

4 

.21 
1.77 

1.57 

5 

Y2 

Y2 

Y3 

Y4 

6 

Y2 

.54 

Yl 

Yl 

7 

.53 
.97 

.24 
.75 
1.14 
(3) 

Y4 

8 

~Y3~ 

Y4 

9 

Yl 

10 

Y3 

Y3 

Yl 
Y2 

Y2 

13 

Y2 

Y2 

14 

Y4 

Y4 

16 

Y3 

Y3 

17 

Y3 

19 

Y4 

Y4 

20 

.09 
.03 

.01 

22 

Y3 

23 

Y5 

25 

Y4 

26 

1.39 

27 

Y4 

3  No  record  subsequent  to  this  date. 

Table  4. — Monthly  rainfall  for  September,  October,  and  November  at  Orlando,  Fla., 

1910-33 


Month 

Average 
1910-33 

1931 

1932 

1933 

September 

October 

November 

Inches 
6.69 
4.80 
1.96 

Inches 
4.92 
1.68 

.19 

Inches 
2.67 
.95 
4.93 

Inches 
14. 10 
3.84 
1.72 

The  soil-moisture  conditions  at  and  immediately  following  plant- 
ing are  described  more  fully  for  each  experiment  under  the  following 
discussion  of  general  conditions. 

GENERAL  CONDITIONS  OF  EXPERIMENTS 

Experiment  no.  1,  1931,  on  Leon  fine  sand  included  a  ridge  some- 
what higher  and  dryer  than  the  general  topography  of  the  field.  The 
area  was  tile  drained  and  equipped  for  subirrigation.  The  plowing 
was  not  deep  and  complete  coverage  of  plant  residue  was  not  obtained. 
The  furrowing  tools  on  the  machine  used  in  planting  brought  more  of 
this  debris  to  the  surface.  The  soil  was  dry  at  planting  and  for  a  few 
days  thereafter.     The  whole  growing  season  was  dry,  the  yields  being 
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decreased  by  lack  of  moisture.  The  irrigation  system  was  not  em- 
ployed. 

The  area  for  experiment  no.  2,  1931,  on  Leon  fine  sand  was  also 
tile  drained  and  equipped  for  subirrigation,  and  the  system  was  used 
during  the  season  to  supply  needed  moisture.  The  land  was  well 
plowed,  but  had  been  disked  and  dragged  afterward  to  such  an  extent 
that  the  soil  was  veiy  dry  to  a  depth  of  several  inches  at  time  of 
planting.  As  a  result  of  this  dry  topsoil,  stands  were  poor  as  com- 
pared to  those  obtained  at  other  locations.  Sufficient  irrigation  was 
applied  later,  however,  to  alleviate  this  condition. 

In  experiment  no.  3,  1931,  on  Leon  fine  sand,  rains  immediately 
preceded  planting  and  a  shower  fell  the  day  of  planting,  hence  mois- 
ture conditions  were  highly  favorable.  The  area  was  tile  drained 
and  subirrigated.  Sufficient  moisture  was  applied  by  irrigation  dur- 
ing the  growing  season  to  avoid  any  adverse  effects  of  the  dry  season. 
The  land  was  well  prepared  and  in  good  condition  for  planting. 

For  experiment  no.  4,  1931,  on  St.  John's  fine  sand,  the  soil  con- 
tained adequate  moisture  at  planting  and  throughout  the  season. 
The  area  was  tile  drained  and  subirrigated.  Some  general  damage 
was  caused  by  leaf  roller  worms  and  leaf  hoppers,  but  not  enough  to 
invalidate  the  results. 

The  area  for  experiment  no.  5,  1932,  on  Leon  fine  sand  was  in  the 
same  field  and  adjacent  to  the  location  of  experiment  no.  1,  1931,  but 
did  not  include  the  ridge  mentioned.  The  land  was  in  good  condi- 
tion for  planting,  being  well  plowed  and  moist.  There  was  no  rain 
until  the  seventh  day  after  planting,  and  then  only  0.07  inch,  and  on 
the  tenth  day  there  was  0.44  inch  of  rain.  This  dry  period  caused 
marked  differences  in  the  rate  and  amount  of  germination.  The  area 
was  tile  drained  and  arranged  for  subirrigation,  but  although  the 
season  was  too  dry  for  maximum  yields  the  land  was  not  irrigated. 

On  experiment  no.  6,  1932,  on  Leon  fine  sand,  daily  rains  for  2  days 
preceding  and  2  days  following  the  planting  insured  adequate  mois- 
ture. A  tile-drainage  and  subirrigation  system  underlay  the  experi- 
ment plot,  and  the  area  was  well  irrigated  during  the  whole  season. 
The  land  was  well  prepared  but  some  crop  residue  was  disturbed  by 
the  soil-working  tools. 

The  area  for  experiment  no.  7,  1932,  on  Leon  fine  sand  was  tile 
drained  but  not  equipped  for  irrigation.  Sufficient  rain  feU,  however, 
to  carry  the  crop  through  without  serious  damage.  Crop  debris  was 
disturbed  by  the  planting  operations.  A  heavy  infestation  of  leaf 
hoppers  caused  general  injury  before  the  application  of  insecticides 
was  begun.  Three  blocks  of  the  experiment  were  abandoned  before 
the  beans  were  harvested  because  of  serious  nematode  injury.  There 
was  little  or  no  damage  on  the  three  remaining  blocks,  on  which  the 
data  are  based. 

The  area  used  in  experiment  no.  8,  1932,  on  St.  John's  fine  sand 
comprised  an  enlarged  section  of  that  used  in  experiment  no.  4  in  1931 . 
It  was  tiled  for  drainage  and  subirrigation.  Yields  were  reduced 
somewhat  by  general  leaf  hopper  injury  before  insecticides  were 
applied.  Crop  residue  partially  plowed  under  was  disturbed  by  the 
machine  in  the  planting  operations. 

The  area  used  in  experiment  no.  9,  1933,  on  Leon  fine  sand  was  tile 
drained  and  subirrigated.  The  growing  season  was  dry  but  irriga- 
tion prevented  injury  to  the  crop.     At  planting,  the  topsoil  was  dry 
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to  a  depth  of  about  3  inches,  but  the  soil  underneath  was  moist.  Ger- 
mination in  those  tests  where  the  soil  was  not  disturbed  below  the 
seed  was  delayed  slightly  as  the  seed  were  deposited  in  dry  soil.  In 
those  tests  where  the  moist  soil  from  the  lower  strata  was  brought  to 
the  surface  and  surrounded  the  seed,  there  was  no  apparent  delay  to 
germination. 

The  area  for  experiment  no.  10,  1933,  on  St.  John's  fine  sand  was 
in  the  same  field  and  adjacent  to  the  area  used  in  experiments  nos.  4 
and  8.  It  was  tile  drained  and  subirrigated.  The  soil  was  slightly 
dryer  than  desirable  at  planting  but  a  light  rain  2  days  after  planting 
insured  a  good  stand  where  injurious  effects  were  avoided  by  advan- 
tageous placement  of  the  fertilizer.  Considerable  crop  residue  was 
brought  to  the  surface  on  those  plots  where  the  fertilizer  was  placed 
3  inches  under  the  seed. 

EFFECT    OF    FERTILIZER    PLACEMENT    ON    SEED    GERMINATION 

In  considering  the  influence  of  fertilizer  materials  and  placement 
of  fertilizers  on  germination  and  stand  of  beans,  consideration  should 
be  given  to  the  solubility  of  fertilizer  salts  in  soil  moisture  and  the 
movement  of  the  solution  in  soils.  The  movement  of  the  soil  solution 
in  soils  varies  with  their  physical  composition  and  possibly  their 
chemical  composition.  The  downward  movement  occurs  readily 
but  in  most  instances  there  is  little  lateral  movement  of  salts  in  soils. 
The  concentration  of  fertilizer  salts,  through  the  movement  of  soil 
moisture,  may  become  sufficiently  great  in  the  surface  soil  and 
close  enough  to  the  roots  of  the  plants  to  be  injurious  to  seeds  or  the 
young  plants.  In  considering  the  early  effects  of  fertilizer  applied  in 
various  positions  with  respect  to  the  seed,  consideration  must  be 
given  to  the  amount  of  soil  moisture  at  time  of  fertilizer  applications, 
the  amount  and  distribution  of  rainfall,  the  type  of  soil,  and  the 
amount  and  solubility  of  the  fertilizer  materials. 

These  factors  have  been  studied  by  a  number  of  investigators  in- 
cluding the  following:  Harris  (13) ,  McCool  and  Wheeting  (16),  McCool 
and  Millar  (15),  Wheeting  (26),  Coe  (7),  Van  Alstine  (25),  Berthault 
(2),  Claudel  and  Crochetelle  (6),  and  Cumings,  Mehring,  Skinner,  and 
Sachs  (10). 

Counts  of  plants  which  had  emerged  above  ground  on  three  different 
dates  during  a  period  of  about  2  weeks  following  planting  were  con- 
sidered as  indicating  the  influence  on  germination  of  fertilizers  placed 
in  various  positions  with  respect  to  the  bean  seed.  The  first  and  third 
stand  counts  for  the  various  treatments,  the  description  of  the  ferti- 
lizer placements,  and  other  essential  information  are  given  in  table  5. 
The  first  and  last  stand  counts  seem  sufficient  to  show  the  effect  on 
germination,  therefore  the  table  includes  only  these.  The  dates  of 
planting,  fertilizer  applications,  and  crop  records  are  shown  together 
with  the  daily  rainfall  in  table  3  previously  discussed. 
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The  two  plots  to  which  no  fertilizer  was  applied  at  time  of  planting 
received  the  initial  application  at  the  time  of  or  soon  after  the  second 
stand  count.  The  initial  fertilizer  application  was  made  in  a  furrow 
2.5  inches  deep  about  4  inches  to  one  side  of  the  row  and  it  is  not 
likely  that  the  stand  of  plants  at  the  final  count,  which  followed  in  a 
few  days,  was  affected  by  this  fertilizer.  The  first  and  last  stand 
counts  shown  in  the  tables  are  considered  a  true  indication  of  the 
germination  of  the  seed  under  the  existing  unfertilized  soil  condi- 
tions. Where  no  fertilizer  was  applied  at  time  of  planting,  fewer 
plants  in  most  cases  had  appeared  at  both  the  first  and  last  counts 
than  where  fertilizer  was  placed  in  the  most  advantageous  positions. 
Evidently  a  number  of  weak  plants  were  unable  to  come  up  without 
the  added  strength  provided  by  the  fertilizer. 

For  the  purpose  of  making  direct  comparisons  of  the  plots  unfer- 
tilized at  planting  with  those  fertilized  in  the  early  germination 
period,  the  seed  for  one  of  the  unfertilized  plots  were  deposited  in 
disturbed  soil  and  for  the  other  in  undisturbed  soil.  These  seedbed 
conditions  correspond  to  those  of  placements  under  the  seed  and  of 
placements  at  the  sides  or  above  the  seed,  respectively.  A  larger 
number  of  plants  came  up  when  the  seed  were  planted  in  undisturbed 
soil  as  compared  to  disturbed  soil,  the  average  number  per  100  feet 
for  all  experiments  being  300  and  285,  respectively.  The  largest 
average  number  of  plants  was  also  found  on  the  undisturbed  soil  at  the 
first  count,  but  exceptions  are  noted  under  the  dry  conditions  of 
1931  and  1932.  When  the  topsoil  was  unusually  dry  and  the  seed- 
bed was  not  disturbed,  the  seed  were  deposited  in  comparatively 
dry  soil;  but  when  the  seedbed  was  disturbed  moist  soil  from  below 
was  brought  into  contact  with  the  seed,  in  which  case  germination 
was  hastened.  The  results  show  that  under  average  conditions  most 
rapid  germination  and  best  stand  of  plants  are  obtained  when  the 
seed  are  planted  in  firm  soils  where  capillarity  is  not  broken. 

SINGLE-STRENGTH  FERTILIZER 

Fertilizers  5-7-5  placed  on  the  surface  of  the  ground  above  the 
seed  retarded  germination  and  usually  reduced  the  final  stand  of 
plants  compared  to  the  unfertilized  checks.  The  influence  of  the 
surface  placement  on  stand  was  dependent  to  a  considerable  extent 
on  weather  conditions  between  the  time  of  planting  and  the  emer- 
gence of  the  plants  above  ground.  A  moderate  amount  of  rainfall 
soon  after  planting  apparently  carried  the  soluble  fertilizer  salts  into 
the  seed  zone  and  markedly  retarded  germination,  as  indicated  by 
the  first  stand  counts  particularly  in  experiments  nos.  6,  7,  and  8 
(table  5).  With  little  rain  immediately  following  planting,  there  was 
less  retardation  of  germination  with  the  surface  application  especially 
in  experiments  nos.  1,3,  and  5,  as  shown  in  the  table  and  in  figure  11. 

The  fertilizer  was  placed  in  the  furrows  in  contact  with  the  seed 
only  in  the  1931  experiments,  the  results  of  which  are  given  in  table  5. 
Seven  hundred  pounds  per  acre  of  5-7-5,  or  350  pounds  per  acre  of 
10-14-10  fertilizer,  in  contact  with  the  seed  completely  inhibited 
germination.  The  condition  of  the  seed  at  the  end  of  a  7-day  period 
is  shown  in  figure  12.  At  the  end  of  1  week  these  plots  were  replanted 
in  order  to  prevent  any  advantage  to  adjacent  rows  later  resulting 
from  lack  of  plant  competition.  While  a  limited  number  of  plants 
might  have  emerged  after  the  first  week,  the  inhibition  of  germina- 
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tion  for  1  week  was  considered  sufficient  grounds  for  discontinuing 
the  contact  treatment. 


Figure  11. — Effect  of  different  placements  of  700  pounds  per  acre  of  5-7-5  fertilizer  on  beans  on  Leon  fine 
sand:  a,  Fertilizer  mixed  with  soil  below  seed;  6,  applied  3  inches  below  seed  in  band  1.75  inches  wide; 
c,  applied  1  inch  under  seed  in  band  1.75  inches  wide;  d,  in  contact  with  seed;  e,  on  surface  of  soil 
above  seed. 


In  most  of  the  experiments  fertilizer  placed  in  a  band  1.75  or  3.5 
inches  wide,  1  inch  under  the  seed,  retarded  germination  of  the  seed 


Mi 


B 


■  t 


C 


Figure  12. — Bean  seed  and  bean  seedlings  dug  from  plots  in  fertilizer-pJacement  experiments  7  day 
after  planting  on  Leon  fine  sand  with  700  pounds  per  acre  of  5-7-5:  A,  Fertilizer  in  band  2  inches  to  each 
side  of  and  1.5  inches  below  level  of  seed;  B,  fertilizer  placed  1  inch  under  the  seed  in  1.75-inch  band;  C, 
fertilizer  in  contact  with  the  seed. 

and  plant  growth  and  reduced  the  final  stands  of  plants.  The  early 
effects  of  this  placement  are  shown  in  figures  11,  c,  and  13,  c.  Com- 
paratively few  plants  had  appeared  above  ground  at  the  first  count. 
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Under  favorable  moisture  conditions  such  as  those  of  experiments 
nos.  1,  6,  7,  and  8,  germination  was  not  materially  delayed.  Ger- 
mination was  delayed  and  final  stands  reduced  unless  frequent  rains 
occurred  after  planting  even  though  the  soil  moisture  at  time  of  plant- 
ing was  relatively  high.  Placements  in  3.5-inch  bands,  1  inch  under 
the  seed,  generally  had  about  the  same  effect  on  germination  as  in 
1. 75-inch  bands;  however,  the  3.5-inch  band  was  superior  in  about 
half  of  the  comparisons,  and  the  average  number  of  plants  coming  up 
in  all  experiments  was  somewhat  higher  for  the  3.5-inch  band  than 
for  the  1.75-inch  band.  The  average  results  for  the  placements  in 
the  1932  and  1933  experiments  are  shown  in  table  6. 

Fertilizers  placed  3  inches  under  the  seed  in  bands  1.75  or  3.5 
inches  vide,  as  shown  in  figures  11,  &  and  13,  d,  did  not  retard  seed 


Figure  13. — Effect  of  700  pounds  per  acre  of  5-7-5  fertilizer  appliei  at  planting  on  stand  of  beans  on 
Leonfinesand:  a,  Fertilizer  applied  4  inches  to  each  side  and  1.5  inches  below  level  of  seed;  b,  2inchesto 
each  side  and  1.5  inches  below  level  of  seed;  c,  1  inch  under  seed  in  3.5-inch  band;  d,  3  inches  under  seed 
in  3.5-inch  band. 

germination  or  result  in  poor  stands.  The  number  of  plants  above 
ground  at  both  the  first  and  last  counts  were  higher  in  most  cases 
than  those  of  the  unfertilized  rows.  In  experiment  no.  5  (table  5) 
no  appreciable  rain  feU  for  10  days  after  planting  and  germination 
was  delayed  by  fertilizer  in  this  placement,  but  the  final  stands  were 
nearly  as  good  as  those  of  the  rows  to  which  no  fertilizer  was  applied. 
The  wider  band  does  not  appear  to  be  advantageous  with  respect  to 
either  earliness  of  germination  or  final  stand  of  plants  when  the 
fertilizer  is  placed  3  inches  under  the  seed,  and  this  depth  was  much 
superior  to  1  inch  under  the  seed. 

Fertilizer  was  placed  in  a  1.75-inch  band  2  inches  under  the  seed 
only  in  experiment  no.  6.  The  moisture  conditions  in  this  experiment 
were  favorable  for  germination  and  placements  under  the  seed  did 
not  affect  germination  to  any  extent. 
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Table  6. — Average  of  first  and  final  stand  counts  in  plants  per  100  feet  of  row  for 
.    various  placements  at  time  of  planting  of  different  fertilizers  applied  in  equivalent 
amounts  per  acre  near  Winter  Garden,  Fla. 


[Averages  for  experiments  no? 

.  5  to  10 

inclusive 

,  1932-33] 

Plants  per  100  feet  of 

row 

Placement  of  initial  application  of  fertilizer 

5-7-5  inorganic 

fertilizer  700 
pounds  per  acre1 

5-7-5  fertilizer 

(one-half  N. 

from  organic 

sources)  700 

pounds  per  acre ' 

10-14-10  ferti- 
lizer 350  pounds 
per  acre  1 

First 
count 

Final 
count 

First 
count 

Final 
count 

First 
count 

Final 
count 

Check,  no  fertilizer  at  planting,  soil  disturbed  under 
seed2 --        .  .        .         .......  

Number 
211 

217 

Number 
294 

310 

Number 

Number 

Number 

Number 

Check,  no  fertilizer  at  planting,  soil  undisturbed 

214 

302 

100 
104 
204 
141 
238 

236 

217 
201 

259 
259 
310 
295 
305 

326 

327 

317 

131 

108 

265 

287 

106 
101 

227 

261 

3.5-inch  band  1  inch  under  seed.             .     . 

150 

290 

Narrow  band  2  inches  to  each  side  1.5  inches  below 

233 

309 

222 

307 

Narrow  band  3  inches  to  each  side  1.5  inches  below 

Narrow  band  4  inches  to  each  side  1.5  inches  below 

1  Fertilizer  in  an  amount  equal  to  the  initial  application  wayside  dressed  in  all  tests  3  weeks  after 
planting. 

2  Test  served  as  a  check  on  germination,  initial  application  of  5-7-5  all-mineral  fertilizer  at  the  rate  of  700 
pounds  per  acre  was  side  dressed  1  week  after  planting. 

In  one  treatment  the  fertilizer  was  mixed  with  the  soil  under  the 
seed,  which  was  first  deposited  in  a  3.5-inch  band  3  inches  below  the 
level  at  which  the  seed  were  planted.  A  special  mixing  shovel 
operating  at  a  depth  slightly  below  the  fertilizer  band  mixed  the 
fertilizer  with  the  soil,  and  the  seed  were  deposited  immediately 
above  the  resulting  mixture.  The  relative  standing  of  this  placement 
with  respect  to  germination  in  most  of  the  experiments  is  between 
the  placements  in  bands  1  inch  and  3  inches  under  the  seed  where 
the  fertilizer  was  not  mixed  with  the  soil.  Since  the  center  of  the 
fertilizer  and  soil  mixture  is  approximately  2  inches  under  the  seed, 
such  a  relative  standing  might  be  anticipated.  The  effects  of  this 
treatment  on  rapidity  of  germination  and  stand  are  illustrated  in 
figure  11,  a.  The  stand  counts  are  shown  in  table  5.  The  test  was 
not  included  in  the  1933  experiments. 

When  the  fertilizer  was  placed  in  a  narrow  band  on  one  or  both 
sides  of  the  seed,  a  larger  number  of  plants  at  the  final  count  was 
obtained  than  from  other  placements.  In  the  main  series  of  treat- 
ments the  fertilizer  was  placed  1.5  inches  below  the  level  of  the  seed 
in  bands  2  and  4  inches  to  each  side  of  the  seed.  Other  depths  and 
distances  from  the  seed  row  were  employed  in  some  experiments.  In 
general,  the  rapidity  of  germination  when  fertilizer  was  placed  to 
the  side  of  the  seed,  as  indicated  by  the  first  stand  count,  was  equal 
to  that  of  the  unfertilized  rows.  Early  developments  of  the  crop  for 
the  side  placement  of  fertilizer  are  illustrated  in  figures  12,  A  and  13,  a 
and  b.     The  number  of  plants  at  the  final  count  approximately  2  weeks 
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after  planting  was  greater  than  with  the  other  treatments,  including 
the  plants  unfertilized  at  time  of  planting. 

Considering  the  placements  2  and  4  inches  to  each  side  of  the  seed 
row,  the  number  of  plants  at  both  the  first  and  last  counts  was  less  for 
the  4-inch  distance  in  most  instances.  Apparently  the  fertilizer  was 
too  far  from  the  seed  to  be  of  any  early  benefit.  Experiments  (10) 
with  cotton  under  similar  soil  conditions  have  shown  that  some  of  the 
soluble  salts  enter  the  seed  zone  during  the  germination  period  when 
the  fertilizer  is  placed  in  a  band  1.5  inches  to  each  side  of  the  row, 
but  do  not  reach  the  seed  zone  during  this  period  when  placed  3.5 
inches  from  the  row.  In  opening  furrows  to  place  the  fertilizer  closer 
than  1.5  to  2  inches  from  the  row,  the  intervening  block  of  soil  is 
reduced  to  such  width  that  the  soil  immediately  under  the  seed  either 
may  be  disturbed  or  readily  dries  under  unfavorable  weather  condi- 
tions to  such  an  extent  that  germination  is  affected. 

In  experiments  nos.  5  to  10,  inclusive,  fertilizer  was  applied  in  a 
band  3  inches  to  each  side  of  the  row  and  1.5  inches  below  the  seed 
level.  Although  the  records  on  germination  compare  favorably  with 
those  of  the  2-inch  distance  to  each  side  of  the  row,  they  might  be 
considered  slightly  inferior. 

Fertilizer  was  applied  in  bands  2  inches  to  each  side  of  the  seed 
row  and  0.5  inches  and  2.5  inches  below  the  seed  level  only  in  experi- 
ment no.  6.  The  prevailing  conditions  were  favorable  for  seed 
germination  and  the  stands  of  plants  compared  favorably  with,  those 
for  placements  1.5  inches  below  the  level  of  the  seed.  The  results 
are  given  in  table  5. 

In  experiments  nos.  9  and  10  (table  5)  the  fertilizer  was  placed  in 
a  band  at  only  one  side  of  the  row  at  distances  of  2  and  4  inches  from 
the  seed.  The  number  of  plants  appearing  above  ground  at  the  first 
and  last  counts  for  placements  2  inches  to  one  side  did  not  differ 
widely  from  placements  to  both  sides  of  the  seed,  but  when  the 
fertilizer  was  4  inches  from  the  seed  there  appears  to  be  some  slight 
benefit  by  placing  the  fertilizer  to  only  one  side  of  the  seed. 

Three  methods  of  fertilizer  application  resembling  local  practices 
were  included  in  experiment  no.  6  (table  5).  The  fertilizer  was 
applied  on  the  surface  of  the  ground  in  a  band  6  inches  wide.  In  one 
procedure  a  shovel  4  inches  wide  operated  at  a  depth  of  1.5  inches 
threw  the  fertilizer  to  each  side  of  the  resulting  furrow  in  which  the 
seed  shoe  traveled.  The  fertilizer  mixed  with  the  soil  was  finally 
placed  to  the  sides  and  above  the  seed.  In  a  second  procedure,  a 
5-tooth  scratcher  operating  at  a  depth  of  0.75  inch  mixed  the  fertilizer 
with  the  surface  soil  in  a  strip  approximately  6  inches  wide.  The 
planter  shoe  traveled  in  the  center  of  the  band,  depositing  the  seed 
0.5  inch  below  the  soil-fertilizer  mixture,  and  in  covering  the  seed  part 
of  the  fertilizer  was  carried  with  the  soil  into  the  furrow  over  the  seed, 
the  main  portion  remaining  in  the  surface  soil  at  each  side  of  the  seed 
row.  In  a  third  procedure,  soil  was  thrown  over  the  fertilizer  band 
by  means  of  disks  and  the  bed  was  lowered  to  a  height  of  2  inches  above 
the  fertilizer  by  means  of  lateral  scrapers  on  the  seed  shoe.  The 
seed  was  planted  1.5  inches  deep.  The  resulting  fertilizer  placement 
was  a  6-inch  band  0.5  inch  under  the  seed  in  a  slightly  raised  seed  bed. 

The  conditions  for  experiment  no.  6  were  highly  favorable  for 
germination  and  the  three  local  fertilizer-application  methods  did  not 
give  results  differing  materially  from  those  of  the  other  treatments. 
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In  fact,  all  fertilizer  placements  in  this  experiment  gave  both  rapid 
germination  and  a  good  final  stand  of  plants,  with  the  exception  of  the 
surface  placement  which  was  somewhat  inferior. 

INORGANIC  VERSUS  ORGANIC  NITROGEN  FERTILIZER 

In  experiments  5  to  10,  inclusive,  fertilizers  containing  nitrogen 
entirely  from  inorganic  sources  were  used  in  the  main  series  of  place- 
ments, and  in  three  placements  the  results  are  compared  with  similar 
placements  of  a  fertilizer  containing  50  percent  of  inorganic  nitrogen 
and  50  percent  of  organic  nitrogen. 

The  relative  standing  of  the  various  placements  with  regard  to 
germination  is,  in  general,  the  same  for  the  two  lots  of  5-7-5  fertilizer. 
In  addition  to  the  results  of  individual  experiments  presented  in 
table  5,  general  averages  of  comparable  tests  are  given  in  tables  6 
and  7.  When  the  two  fertilizers  were  placed  in  a  band  at  each  side 
of  the  seed  row,  the  number  of  plants  did  not  differ  widely  at  either 
the  first  or  the  final  count. 


Table  7. — Comparative  average  stands,  plants  per  100  feet,  and  yields  of  green 
beans  per  acre,  for  three  placements  of  5- 7-5  inorganic,  5—7-5  {one-half  N  organic) , 
and  10-14-10  fertilizer  at  Winter  Garden,  Fla.,  1931-33 


Type  and  rate  of  application  of 
fertilizer  per  acre 

Average  stand  of  plants 
per  100-foot  row 

Average  first  picking 
and  total  yield 

Placement  of 
first  application 

1932-33 

1931-33 

1932-33 

1931-33 

First 
count 

Final 
count 

First, 
count 

Final 
count 

First 

pick- 
ing 

Total 

First 
pick- 
ing 

Total 

5-7-5  all- mineral,  700  pounds  at 

planting,     700    pounds    side 

dressing. 
5-7-5  (one-half  N  organic),  700 

pounds     at     planting,      700 

pounds  side  dressing. 
10-14-10  all-mineral,  350  pounds 

at  planting,  350  pounds  side 
,    dressing. 
'5-7-5  all-mineral,  700  pounds  at 

planting,     700    pounds    side 

dressing. 
•5-7-5  (one-half  N  organic),  7C0 

pounds      at      planting,      700 

pounds  side  dressing. 
10-14-10  all-mineral,  350  pounds 

at  planting,  350  pounds  side 
,    dressing. 
'5-7-5  all-mineral,    700    pounds 

at  planting,  700  pounds  side 

dressing. 
5-7-5  (one-half  N  organic),  700 

pounds      at      planting,      700 

pounds  side  dressing. 
10-14-10  all-mineral,  850  pounds 

at  planting,  350  pcunds  side 
,    dressing. 

No. 
100 

131 

106 

104 

108 

101 

236 

233 

222 

No. 

259 

265 
227 
259 
287 
261 
326 
309 
307 

No. 

No. 

Lb. 

2,765 

2,953 
2,479 
2,740 
2,972 
2,906 
3,973 
3,739 
3,666 

Lb. 

6,436 

6,422 
5,767 
6,831 
7,049 
6,534 
7,538 
7,102 
7.  053 

Lb. 

Lb. 

In  3.5-inch  band 
on    surface    of 
ground       over 
seed. 

130 
94 

268 
246 

2,715 
2,351 

2,482 
2,348 

6,305 
5,900 

In  1.75-inch  band 
1    inch    under 
seed. 

76 
70 

250 
222 

6,503 
5,996 

In  narrow  bands 
2  inches  to  each 
side,  \Yi  inches 
below  seed. 

227 

214 

302 
301 

3,506 

3,  427 

6,958 
7,079 

The  two  5-7-5  fertilizers  generally  gave  somewhat  similar  germina- 
tion results,  when  placed  either  on  the  surface  of  the  ground  or  in  a 
band  1  inch  under  the  seed.  The  minor  differences  are  in  favor  of 
the  fertilizer  containing  one-half  organic  nitrogen.  In  both  of  these 
placements  the  fertilizers  delayed  germination  and  reduced  the  final 
stands  of  plants. 
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DOUBLE-STRENGTH   FERTILIZER 

A  10-14-10"  fertilizer,  containing  twice  the  quantity  of  plant  food 
constituents  as  the  5-7-5  mixture,  was  applied  in  all  experiments 
in  a  limited  number  of  placemeDts.  The  results  of  individual  tests 
are  presented  in  table  5  and  comparable  averages  are  shown  in  tables 
6  and  7.  The  relative  standing  of  the  different  placements  with 
regard  to  the  numbers  of  plants  at  the  first  and  final  counts  is  similar 
to  that  of  the  same  placements  of  the  single-strength  fertilizer. 
Application  of  the  fertilizer  in  contact  with  the  seed  inhibited  germina- 
tion for  1  week,  at  which  time  the  plats  wTere  replanted  to  avoid  any 
advantage  to  adjacent  rows. 

It  is  of  interest  to  note  in  experiments  nos.  3,  4,  6,  7,  and  8,  where 
rains  immediately  followed  planting  as  shown  in  table  3,  that  place- 


Figure  14.— Snap  beans  planted  September  10  on  Leon  fine  sand,  photographed  September  25,  1932,  at 
Winter  Garden,  Fla.:  a,  5-7-5  all-mineral  fertilizer  at  700  pounds  per  acre  mixed  with  the  soil  under  the 
seed  to  a  depth  of  3  inches;  6,  no  fertilizer  at  planting;  c,  10-14-10  fertilizer  at  350  pounds  per  acre  placed 
on  the  surface  of  the  ground  above  the  seed;  d,  10-14-10  fertilizer  at  350  pounds  per  acre  placed  in  a 
band  1.75  inches  wide  1  inch  under  the  seed. 

ment  of  the  fertilizer  on  the  ground  surface  delayed  germination,  as 
indicated  by  the  relatively  small  number  of  plants  at  the  first  count. 
Retardation  of  germination  and  seedling  growth  is  illustrated  in 
figure  14.  On  the  other  hand,  in  experiments  nos.  1,2,  5,  9,  and  10 
where  rains  did  not  fall  immediately  after  planting,  little  delay  of 
germination  was  observed.  The  effects  of  the  surface  placement 
seem  dependent  to  a  considerable  extent  on  the  amount  and  distri- 
bution of  rainfall  following  planting.  Evidently  the  soluble  salts  are 
readily  carried  down  into  the  seed  zone  with  the  moisture  of  a  com- 
paratively light  rain.  A  reduction  in  the  number  of  plants  appearing 
above  ground  resulted  from  the  surface  placement  as  compared  to 
the  plots  unfertilized  at  time  of  planting. 

The  effects  of  the  double-strength  fertilizer  on  germination  when 
applied  in  a  band  1  inch  under  the  seed,  with  the  rainfall  conditions 
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just  described,  were  in  general  opposite  to  those  of  the  surface  place- 
ment. Since  the  movement  of  the  soluble  salts  with  the  soil  moisture 
was  in  the  opposite  direction  with  respect  to  the  seed,  the  results  are 
in  accord  with  theoretical  considerations.  The  variation  in  stand 
with  weather  conditions  was  not  so  great  as  in  the  case  of  the  surface 
placement,  presumably  because  in  the  case  of  the  light  rain  either  no 
moisture  reached  the  zone  of  the  fertilizer  or  the  amount  of  moisture 
reaching  that  zone  was  insufficient  to  cause  an  appreciable  downward 
movement  of  the  soluble  salts.  Fertilizer  placed  1  inch  under  the 
seed  either  in  a  1.75-inch  or  a  3.5-inch  band  (fig.  15,  b)  materially 
reduced  the  number  of  plants  that  came  up. 

Mixing  of  the  fertilizer  under  the  seed  to  a  depth  of  3  inches  gave 
a  material  reduction  in  the  number  of  plants  under  the  less  favorable 
weather  conditions^  of  experiments  nos.  2,  3,  4,  and  5.  Under  the 
more  favorable  weather  conditions  of  experiments  nos.  6,  7,  and  8 
germination  was  equal  to  that  of  the  unfertilized  plots.  The  test 
was  not  included  in  experiments  nos.  1,  9,  and  10  because  the  crop 
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Figfre  15.— Effect  of  350  pounds  of  10-14-10  fertilizer  on  germination  of  beans  on  Leon  fine  sand:  a.  No 
fertilizer;  b,  fertilizer  applied  1  inch  below  seed  in  3.5-inch  band;  c,  2  inches  to  each  side  of  and  1.5  inches 
below  level  of  seed;  d,  3  inches  to  each  side  of  and  1.5  inches  below  level  of  seed. 

residue  previously  plowed  under  did  not  permit  satisfactory  mixing 
of  the  fertilizer  with  the  soil. 

Placement  of  the  fertilizer  in  a  narrow  band  2  inches  to  each  side 
of  the  seed  row  and  1.5  inches  below  the  seed  level  resulted  in  a 
larger  number  of  plants  at  both  first  and  final  counts  in  almost  all  of 
the  experiments  than  other  placements  of  the  10-14-10  fertilizer. 
Somewhat  similar  stands  of  plants  were  obtained  for  the  side  place- 
ment of  the  double  and  single-strength  fertilizers. 

Application  of  the  fertilizer  in  bands  3  inches  to  each  side  of  the 
seed  row  and  1.5  inches  below  the  seed  level,  in  experiments  nos.  1, 
9,  and  10,  gave  germination  results  somewhat  similar  to  placements 
2  inches  to  the  sides  of  the  seed  row  (fig.  15,  c,  d).  Placements  3 
inches  to  the  side  of  the  seed  were  possibly  better  under  the  dry 
conditions  of  experiments  9  and  10.  Fertilizer  placed  at  a  distance 
of  4  inches  to  each  side  of  the  seed  in  experiments  9  and  10  gave 
results  almost  identical  with  placements  3  inches  to  the  side. 

The  application  of  fertilizer  in  bands  1.75  and  3.5  inches  wide,  3 
inches  under  the  seed  in  experiments  9  and  10,  resulted  in  numbers 
of  plants  at  the  first  and  final  counts  equal  to  those  of  side  place- 
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ments  and  considerably  greater  than  those  of  placements  1  inch 
under  the  seed.  Placements  3  inches  under  the  seed,  in  narrow  or 
wide  bands,  gave  somewhat  similar  results. 

In  experiment  no.  6  the  10-14-10  fertilizer  applied  in  accordance 
with  two  local  practices  gave  results  somewhat  similar  to  those  from 
placements  below  the  seed,  under  the  prevailing  favorable  conditions. 
Application  of  fertilizer  on  the  surface  of  the  ground  and  covering 
with  2  inches  of  soil,  which  results  in  a  slightly  raised  seedbed,  de- 
layed germination.  Such  deterrent  effects  under  average  conditions 
might  be  anticipated  since  the  fertilizer  is  located  0.5  inch  under  the 
seed  and  the  raised  loose  seedbed  permits  relatively  rapid  drying  of 
the  surface  soil. 


Figure  16.— Effect  of  different  placements  of  5-7-5  fertilizer  on  growth  of  beans  on  Leon  fine  sand.  700 
pounds  per  acre  of  fertilizer  applied  at  planting  on  a  level  1.5  inches  below  the  seed:  a,  2  inches  to 
each  side;  b,  4  inches  to  each  side  and  700  pounds  as  side  dressing  21  days  later;  c,  nc  fertilizer  applied  at 
planting,  700  pounds  per  acre  applied  as  a  side  dressing  7  days  after  planting  and  700  pounds  21  days  after 
planting. 


EFFECT  OF  FERTILIZER  PLACEMENT  ON  PLANT  GROWTH 

Differences  in  plant  growth  for  the  various  placements  of  the  ferti- 
lizer resulted  largely  from  the  adverse  effects  during  the  germination 
period.  Delay  of  germination  and  injury  to  the  young  seedlings  were 
reflected  in  the  later  development  of  the  crop.  Differences  in  plant 
growth  for  various  placements  of  the  fertilizer  are  shown  in  figures 
16  and  17.  In  general,  most  rapid  growth  of  plants  occurred  where 
the  fertilizer  was  applied  in  a  band  at  either  one  or  both  sides  of  the 
row,  in  a  band  3  inches  under  the  seed,  mixed  with  the  soil  under 
the  seed,  and  as  applied  in  the  three  representative  local  practices 
previously  described  on  page  4.  The  plants  to  which  fertilizer  was 
not  applied  until  approximately  1  week  after  planting,  were  of  a 
lighter  green  color  as  compared  to  those  on  plots  fertilized  at  time  of 
planting.  The  lighter  color  was  distinguishable  throughout  the  season 
in  some  cases. 

There  was  evidence  of  injury  to  the  plants  where  the  fertilizer  was 
placed  in  a  band  1  inch  under  the  seed  and  on  the  surface  of  the 
ground.     The    shedding   of   leaves   which   had    turned    brown   was 
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particularly  noticeable  during  the  dry  seasons.  Where  fertilizers 
were  placed  near  the  seed,  plant  injury  appeared  to  be  most  severe 
with  the  double-strength  fertilizer  and  least  noticeable  with  the  single- 
strength  fertilizer  having  one-half  its  nitrogen  from  organic  sources. 
Fertilizer  placed  on  the  surface  of  the  ground  over  the  seed  caused 
injury  to  the  plants  and  reduced  the  stand,  especially  with  the  double- 
strength  fertilizer.  Uusually,  however,  the  injury  was  confined  to 
the  shedding  of  the  first  leaves  and  the  plant  continued  to  live  and 
develop  new  foliage. 

EFFECT    OF    FERTILIZER    PLACEMENT    ON    YIELD    OF    BEANS 

In  discussing  yields  of  snap  beans  it  is  recognized  that  earliness 
of  maturity  is  an  important  factor  that  must  be  considered  in  con- 
junction with  total  yield.     The  yield  at  the  first  picking  in  these 


Figure  17.— Growth  of  beans  on  Leon  fine  sand  from  10-14-10  fertilizer  applied  350  pounds  per  acre  at 
planting  and  350  pounds  2  weeks  later:  a,  Fertilizer  applied  2  inches  to  each  side  of  and  1.5  inches  below 
level  of  seed;  b,  mixed  with  soil  under  seed  to  a  depth  of  3  inches;  c,  1  inch  below  seed  in  1.75-inch  band. 

experiments  may  be  considered  an  indication  of  the  earliness  of 
maturity.  The  highest  quality  beans  usually  are  harvested  at  the 
first  picking,  and  it  is  therefore  advantageous  to  obtain  a  high  yield 
at  the  early  picking,  because  of  the  greater  profit  which  results. 
Another  point  of  advantage  is  that  the  danger  of  damage-  from  frost 
in  the  Winter  Garden  district  is  lessened  to  some  extent  by  early 
maturity  of  beans.  Particular  attention,  then,  should  be  given  to 
the  harvest  at  first  picking  as  well  as  to  the  total  yield.  Different 
amounts  of  snap  beans  harvested  at  the  first  picking  for  various  place- 
ments of  the  fertilizer  are  shown  in  figures  18  and  19. 

The  yield  of  beans  at  first  and  second  pickings  and  the  total  yields 
are  given  in  table  5.  The  yields  at  first  picking  and  total  yields  for 
the  main  series  of  placements  of  the  5-7-5  fertilizer  are  shown  in 
table  8  for  convenience  in  making  comparisons.  The  relative  stand- 
ing of  the  various  fertilizer  placements  with  respect  to  yields  is  gener- 
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ally  similar  to  that  for  germination  or  number  of  plants  coming  up. 
Any  significant  reduction  in  the  number  of  plants  coming  up  was 
reflected  in  the  total  yield  and  the  yield  at  first  picking. 


Figure  18. — Yield  of  beans  at  first  picking  from  100-foot  rows,  when  700  pounds  per  acre  of  5-7-5  fertilizer 
was  applied  at  planting  and  700  pounds  2  weeks  later:  a,  Fertilizer  applied  1  inch  under  seed  in  bands  3.5 
inches  wide;  b,  on  surface  of  ground  above  seed;  c,  3  inches  under  seed  in  band  3.5  inches  wide;  d,  no  fertili- 
zer at  planting,  side  dressed  7  days  later;  e,  2  inches  to  one  side  of  seed  and  1.5  inches  below  level  of  seed; 
f,  2inches  to  each  side  of  seed  and  1.5  inches  below  level  of  seed. 


Figure  19.— Yield  of  beans  at  first  picking  from  100-foot  rows,  when  700  pounds  per  acre  of  5-7-5  fertilizer 
was  applied  at  planting  and  700  pounds  2  weeks  later:  a,  Fertilizer  applied  on  surface  of  ground  above 
seed;  b,  1  inch  under  the  seed  in  band  3.5  inches  wide;  c,  4  inches  to  one  side,  1.5  inches  below  level  of  seed; 
d,  4  inches  to  each  side,  3  inches  below  level  of  seed;  e,  2  inches  to  each  side  and  1.5  inches  below  level  of 
seed. 
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SINGLE-STRENGTH  FERTILIZER 


Considering  first  the  5-7-5  fertilizer,  the  highest  total  yields  for 
the  treatments  included  in  the  experiments  were  obtained  from  place- 
ments of  1.75-inch  and  3. 5-inch  bands  3  inches  under  the  seed  and  of 
a  narrow  band  either  2  or  4  inches  to  each  side  of  the  seed  row.  Since 
the  relative  standing  of  these  four  placements  varied  somewhat  in  the 
various  experiments,  the  comparatively  small  differences  in  total  yield 
are  not  considered  highly  significant  except  possibly  in  the  case  of  the 
placement  in  bands  4  inches  from  the  seed  row  which  appears  to  be 
definitely  inferior  to  the  other  three  placements.  A  band  1.75  inches 
wide  3  inches  under  the  seed  was  consistently  superior  to  a  3.5-inch 
band  3  inches  under  the  seed.  A  band  2  inches  to  each  side  of  the  row 
was  consistently  superior  to  a  band  4  inches  to  each  side  of  the  row. 

Placements  3  inches  under  the  seed  gave  largest  total  yields  in  1931 
and  1932  in  experiments  nos.  1  to  8,  inclusive,  where  rainfall  was  below 
normal.  Attention  is  called  to  the  fact  that  the  fertilizer  in  a  band  3 
inches  under  the  seed  was  1 .5  inches. lower  than  that  placed  at  the  sides 
of  the  row,  which  may  account  in  part  for  the  apparent  advantage  of 
the  deeper  placement  during  a  dry  season.  However,  this  is  not  sub- 
stantiated by  the  result  from  the  deep  side  placement  used,  except  in 
experiment  no.  6. 

When  yields  at  first  picking  are  considered,  the  placement  2  inches 
to  each  side  of  the  row  was,  on  the  average,  superior  to  the  band  1.75 
or  3.5  inches  wide  3  inches  under  the  seed,  and  to  the  band  4  inches  to 
each  side  of  the  row.  This  was  especially  true  during  the  season  of 
normal  rainfall  in  experiments  9  and  10.  The  wide  band  appears  to  be 
inferior  to  the  narrow  band  when  the  fertilizer  is  placed  3  inches  under 
the  seed. 

Placements  of  the  5-7-5  fertilizer  that  resulted  in  low  yields  were 
initial  applications  1  week  after  planting,  placements  in  a  3.5-inch 
band  on  the  surface  of  the  ground,  and  placements  1  inch  below  the 
seed  in  1.75-inch  and  3.5-inch  bands.  The  lowest  average  yield  at 
first  picking  from  these  placements  was  obtained  from  the  placement 
1  inch  under  the  seed  in  a  band  1 .75  inches  wide,  while  the  lowest  total 
yield  was  obtained  from  the  initial  application  1  week  after  planting. 

Fertilizer  5-7-5  mixed  in  the  soil  under  the  seed  to  a  depth  of  3 
inches  was  included  in  experiments  nos.  1  to  8,  and  resulted  in  lower 
total  yields  than  placements  of  the  fertilizer  in  bands  3  inches  under 
the  seed  and  in  bands  2  inches  to  each  side  of  the  seed  row,  as  shown  in 
table  8  and  figure  20.  Mixing  the  fertilizer  with  the  soil  under  the 
seed  gave  total  yields  that  compare  favorably  with  yields  from  ferti- 
lizer placed  in  bands  4  inches  to  each  side  of  the  row.  Fertilizer 
mixed  with  the  soil  under  the  seed  gave  considerably  higher  yields 
than  fertilizer  applied  1  week  after  planting,  and  better  than  fertilizer 
applied  on  the  surface  above  the  seed  or  in  bands  1  inch  under  the 
seed.  The  effect  of  mixing  the  fertilizer  with  the  soil  was  variable, 
perhaps  partly  because  the  mixing  was  not  uniform.  The  uniformity 
of  mixing  fertilizer  with  the  soil  varied  somewhat  under  the  different 
seedbed  soil  conditions. 

Placements  of  fertilizer  in  1.75-inch  bands  2  inches  under  the  seed 
were  made  in  experiment  no.  6,  which  resulted  in  yields  between  those 
obtained  with  placements  1  inch  and  3  inches  under  the  seed. 

Fertilizer  in  narrow  bands  2  inches  to  each  side  of  the  seed  row  0.5 
inch  and  2.5  inches  below  the  seed  level,  included  in  experiment  no.  6, 
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gave  yields  similar  to  placements  1 .5  inches  below  the  level  of  the  seed. 
The  yields  for  fertilizer  placed  in  bands  3  inches  to  each  side  of  the  seed 
row,  in  experiments  5  to  10,  inclusive,  were  about  the  same  as  those 
from  fertilizers  placed  2  inches  to  each  side. 

Fertilizer  5-7-5  applied  in  bands  2  and  4  inches  to  one  side  of  the 
seed  row,  in  experiments  nos.  9  and  10,  gave  yields  at  the  first  picking 
not  significantly  different  from  those  obtained  when  applied  in  a  band 
at  each  side  of  the  seed  row.  However,  the  total  yields  were  higher  for 
fertilizer  applied  at  each  side  of  the  seed  row. 

The  three  procedures  in  experiment  no.  6  (table  5)  representing  local 
practices,  were  among  the  most  inferior  treatments  with  respect  to 
total  yields  and  yields  at  the  first  picking.  The  low  yields  apparently 
resulted  from  inefficient  utilization  of  the  fertilizer  rather  than  from 
any  reduction  in  the  stand  of  plants. 
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Figure  20. — Average  yields  of  green  beans  for  different  placements  of  5-7-5  fertilizer.    Average  for  experi- 
ments nos.  1  to  8,  (table  8) .    Position  of  fertilizer  in  relation  to  seed  shown  at  the  bottom  of  each  bar. 


INORGANIC  VERSUS  ORGANIC  NITROGEN  FERTILIZER 

Fertilizer  5-7-5  containing  nitrogen  from  inorganic  sources  is  com- 
pared with  a  similar  analysis  containing  nitrogen  one-half  from  in- 
organic and  one-half  from  organic  sources.  Three  placements  were 
used  which  are  directly  comparable.  In  addition  to  the  yields  pre- 
sented for  individual  experiments  in  table  5,  general  averages  are 
shown  in  table  7. 

Fertilizers  applied  on  the  ground  surface  above  the  seed  or  placed 
1  inch  under  the  seed  in  bands  1.75  inches  wide  are  previously  shown 
to  have  given  poor  results,  while  fertilizers  placed  in  bands  2  inches 
to  each  side  of  the  seed  row  gave  good  results.  The  relative  standing 
of  the  three  placements  is  the  same  for  the  two  mixtures.  The  side 
placement  was  decidedly  superior.  When  the  fertilizer  was  placed  to 
the  side  of  the  seed,  however,  that  containing  inorganic  nitrogen 
gave  higher  yields,  both  total  and  at  first  picking,  than  that  contain- 
ing organic  nitrogen.  The  two  mixtures  gave  about  the  same  yields 
when  the  fertilizer  was  applied  on  the  surface  above  the  seed,  but 
when  applied  in  a  band  1  inch  under  the  seed  the  mixture  containing 
one-half  of  the  nitrogen  from  organic  sources  gave  higher  yields. 
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DOUBLE-STRENGTH  FERTILIZER 

Only  four  placements  of  the  10-14-10  fertilizer  were  carried  through- 
out the  entire  study:  in  3.5-inch  bands  on  the  surface  of  the  ground 
above  the  seed;  in  1.75-inch  and  3.5-inch  bands,  1  inch  under  the  seed ; 
and  in  narrow  bands  2  inches  to  each  side  of  the  seed  row  and  1.5 
inches  below  the  level  of  the  seed.  Of  these  four  treatments,  the 
side  placement  consistently  gave  the  highest  yields  particularly  at 
the  first  picking.  The  average  total  yield  of  the  side  placement  was 
7,079  pounds  per  acre  compared  to  5,900  for  the  surface  treatment 
and  5,996  and  6,270  for  the  1.75-  and  3.5-inch  bands  1  inch  under  the 
seed,  respectively.  The  average  yield  for  the  side  placement  at  first 
picking  was  3,427  pounds  per  acre  compared  to  practically  2,350  for 
each  of  the  other  three  placements. 

Fertilizer  was  mixed  with  the  soil  under  the  seed  in  experiments  nos. 
2  to  8,  inclusive.  The  average  total  yield  for  this  placement  was  6,377 
pounds  per  acre  as  compared  with  7,166  pounds  for  side  placement 
and  the  yields  at  first  picking  were  2,386  and  3,297  pounds  per  acre, 
respectively. 

The  two  local  methods  of  application  of  the  10-14-10  fertilizer  in 
experiment  no.  6  (table  5)  gave  yields  much  lower  than  those  of  the 
side  placement. 

The  10-14-10  fertilizer  was  applied  in  a  1.75-  and  3.5-inch  band,  3 
inches  under  the  seed  in  experiments  nos.  9  and  10.  A  higher  and 
lower  ranking  of  the  yields  in  experiments  nos.  9  and  10  were  obtained 
from  these  placements  as  compared  with  side  placements,  showing  no 
definite  indication. 

Placement  in  a  band  3  inches  to  each  side  of  the  row  in  experiments 
nos.  1,9,  and  10  compared  favorably  with  placement  in  bands  2  inches 
to  each  side.  A  band  4  inches  to  each  side  of  the  row  in  experiment 
no.  9  was  superior  and  in  experiment  no.  10  was  inferior  to  a  band 
2  inches  to  each  side. 

SUMMARY 

Ten  fertilizer-placement  experiments  with  snap  beans  were  con- 
ducted on  Leon  fine  sand  and  St.  John's  fine  sand  near  Winter  Garden, 
Fla.,  in  1931, 1932,  and  1933.  Three  fertilizers  were  used  in  the  place- 
ment experiments;  two  contained  5  percent  of  ammonia,  7  percent 
of  phosphoric  acid,  and  5  percent  of  potash,  and  one  contained  twice 
the  amount  of  these  fertilizer  constituents.  One  of  the  5-7-5  ferti- 
lizers contained  only  inorganic  nitrogen  and  the  other  contained 
nitrogen  one-half  from  inorganic  and  one-half  from  organic  sources. 

Fertilizers  placed  in  3.5-inch  bands  on  the  surface  of  the  ground 
over  the  seed,  mixed  with  the  soil  under  the  seed,  or  placed  in  bands 
1.75  and  3.5  inches  wide  1  inch  under  the  seed  materially  delayed 
germination  and  reduced  the  final  stand  of  plants  under  normal  rain- 
fall conditions.  Fertilizers  placed  on  the  surface  of  the  soil  injured 
the  young  seedlings  as  they  emerged. 

Fertilizer  placed  in  bands  2  or  4  inches  to  one  or  both  sides  of  the 
seed  row  1.5  inches  below  the  level  of  the  seed,  and  in  1.75-inch  or 
3.5-inch  bands  3  inches  under  the  seed,  stimulated  germination  and 
plant  growth  sufficiently  to  give  a  final  stand  of  plants  superior  to 
and  larger  than  those  of  plants  unfertilized  at  time  of  planting. 

Effective  rainfall  immediately  following  planting  reduced  adverse 
effects  on  germination  of  placements  under  the  seed,  but  intensified 
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injurious  effects  of  the  placement  over  the  seed.  Lack  of  rainfall 
during  the  germination  period  intensified  the  adverse  effects  of  place- 
ments under  the  seed.  Material  delay  of  germination  and  injury  to 
stand  was  reflected  in  plant  growth  and  yield. 

Earliest  germination,  best  stands,  and  most  rapid  growth  of  plants, 
and  earliest  maturity,  and  highest  yields  of  green  beans  both  at  the 
first  picking  and  total,  were  obtained  with  fertilizer  placements  in  a 
band  3  inches  under  the  seed,  and  in  a  narrow  band  2  inches  to  each 
side  of  the  seed  row  1 .5  inches  below  the  level  of  the  seed.  The  yields 
at  first  picking  were  slightly  higher  and  the  total  yields  slightly  lower 
for  the  side  placement. 

Lower  efficiency  of  the  fertilizer  as  indicated  by  yields  resulted 
from  the  placements  4  inches  to  the  sides  of  the  seed  row,  mixed  in 
the  surface  soil  of  the  seed  row,  and  application  1  week  after  planting. 

The  three  fertilizers  used,  in  general,  gave  about  the  same  relative 
result  from  various  comparable  placements.  The  10-14-10  fertilizer 
and  the  5-7-5  fertilizer  that  contained  nitrogen  equally  from  inorganic 
and  organic  sources  were  slightly  inferior  to  fertilizer  5-7-5  containing 
only  inorganic  nitrogen,  when  placed  in  the  most  favorable  positions 
with  respect  to  the  seed. 

In  obtaining  the  two  most  advantageous  placements,  namely,  3 
inches  under  the  seed,  and  2  inches  to  each  side  of  the  seed  row,  the 
latter  was  found  the  more  practical  with  respect  to  machine  operating 
difficulties  resulting  from  draft  and  from  vegetation  previously 
plowed  under. 
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